
09, R|J m, 



2 105 084 ( 3) C1 

C 23 F 15/00, C 23 C 8/24, B 
23 K 26/14//B 23 K 103:08 



(51) MflK 6 



POCCHHCKOE ArEHTCTBO 
no nATEHTAM H TOBAPHbIM 3HAKAM 



IO 

o 
on 
o 

00 



< 12 > Oni/ICAHI/IE H3QEPETEHHfl K PIATEHTy POCCHHCKOH (EEflEPAU HH 



(21), (22)3a«BKa: 96110904/02, 11.06.1996 

(46) flaTa ny6Jiw<ai^n: 20.02.1998 

(56) CcbiJiKM: 1. RU, naTeHT N 2032763, Kn. C 23 C 
10/00, 1991. 2. DE, aaflBKa N 1521996, Kn. C 
23 F 15/00. 1970. 



(71) 3awBMTenb: 

06lHeCTBO C OrpaHMHGHHOM OTBeTCTBeHHOCTbK) 

HayMHO-npon3BOflCTBeHHoe 
KyjibTypHO-npocseTMTeribCKoe o6^befiMHeHMe 
"BnaroBecr" 

(72) M3o6peTaTerib: <t>eAopoB Jl.E. 

(73) naTeHTOo6naAaTerib: 

06mecTB0 c orpaHnneHHOM OTBeTCTBeHHOcrbio 
HayHHO-npon3BOACTBeHHoe 
KynbTypHO-npocBeTMTe/ibCKoe o6T>eflMHeHne 
"BnaroBecr" 



(54) CnOCOB OEflOPOBA Jl.E. 3AlMHTbl METAJUIOB OT OKWCJlEHUfl 

(57) PecfcepaT: 

Cnoco6 aau^nTbi MeTannoB, HanpuMep 

LJUpKOHMfl, OT OKHCJieHMfl MO>KeT 6b!Tb 

ncnonb30BaH bo Bcex oTpacrmx 

MaUJUHOCTpOeHMfl, B TM. A™ 3aLi\MTbl 060J10MeK 

TennoBbiAeriqK)Li^nx aneivjeHTOB HAepnbix 
peaKTopoB. l43Ae/ine H3 Meian/ia ox/iawAaioT 

)KMAKHM 830TOM. IIOBepXHOCTb M3Aejll/m 

nocneAOBaTeribHO nponnaBrmioT no ynacTKaM 
nyMOM na3epa. B 30Hy nponnaBneHUfl noAaioT 
civiecb >KMAKoro a30Ta m aproHa n nony^aJOT Ha 
noBepxHocfn n3Aenn« nneHKy HwpnAa 
MeTanna. PaBHOMepHOdb m TonmwHy noKpbiTMfl 
KOHTponnpyjOT. 3 3.n. (Jwibi, 2 nn. 
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(54) METAL OXIDATION PROTECTION METHOD 

(57) Abstract: 

FIELD: corrosion protection. SUBSTANCE: 
method of protecting metals, e. g. 
zirconium, against oxidation may find use in 
all mechanical engineering branches, 
including protection of fuel element cans in 
nuclear reactors. Metal part is cooled by 
liquid nitrogen and surface of part is 
consecutively site-by-site melted by laser 
beam. Into melting zone, mixture of liquid 
nitrogen and argon is fed to form metal 
nitride film on the part surface, regularity 
and thickness of coating being controlled. 
EFFECT: improved procedure. 4 cl, 2 dwg 
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npeAnaraeMoe H3o6peTeHwe othochtca k 
TexHonornn co3AaHkin 3amnTHbix noKpbiTHfi 
noBepxHoc™ MeTannnHecKnx H3Aennfi, 
HanpuMep H3 cnnaBa i4npK0Hnn (Zr), m mo>kgt 
6biTb npMM©HeHo, HanpuMep, b aTOMHoft 

npOMblLLIJieHHOCTH Ann ocononeK 
TennoBbiflenflK)ii^MX aneMeHTOB nAepHbix 
peaiaopoB. 

H3BecTeH cnoco6 3au^MTbi TyronnaBKnx 
MeTannoB ot oKMcneHHn, BKniOHaiomMfi 
cfcopMnpoBaHkie 3amnTH0tf TpexcnofiHofi nnaBKM 
cooTBeTCTBeHHO M3 cnjinL^MAa Monu^AeHa 
(Mo 5 Si 3 ), i4npKOHa (Zr0 2 »Si0 2 ) h AHOKCHAa 
i^upKOHUfl c flo6aBKaMM 3 2 03, TAe 3 - y , La, 
Se[1]. 

3tot cnoco6 TexHonorwnecKH cno>KeH n He 
o6ecneMHBaeT npoMHoro CLjenneHkin 

CC|)OpiVIHpOBaHHOM llJieHKM C nOBepXHOCTbK) 

oSononeK, HanpuMep M3 mipKOHHn (Zr). 

Han6onee 6jim3kmm aHanoroM-npoTOTHnoM 
nBnneTcn cnoco6 noBepxHOCTHofi 3atnwbi 
MeTannvmecKnx w3AenMM, b nacTHOCTH U3 
LjnpKOHHfl m ero cnnaBOB [2], BKntoHaroinkiM 
TennoBoe B03AeficTBne Ha o6pa6aTbiBaeMoe 
M3Aenne m 4)opMMpoBaHMe Ha ero noBepxHoc™ 

3aii^MTHOrO nOKpblTMfl Cf)H3HKO-XHMH4eCKMM 

B3anMOAeMCTBneM MeTanna M3Aenwn n cpeAbi, b 
kotopom M3Aenne 06pa6aTbiBaK>T. 

flaHHbm cnoco6 TaiOKe TexHOJiornnecKM 
cnoxeH m He o6ecnennBaeT npoMHoro 
cijenneHHn HaHeceHHoro noKpbiTun c 
noBepxHOdbK) 3ai^nii^aeMoro n3Aennn, 
HanpuMep us ljhpkohuh. 

Cyu^HOCTb npeAnaraeMoro n3o6peTeHnn 

COCTOHT B TOM, MTO B CnOCOOe 3aiHMTbl 

MeTannoB ot oKncneHnn, BKniOMaioi^eM 
TennoBoe B03AeficTBne Ha o6pa6aTbiBaeivioe 
M3Aenne H3 MeTanna w cfcopMupoBaHHe 
3ammHoro noKpbiTHn Ha noBepxHocTn M3Aennn 
cf)H3HKo-xMMviMecKHM B3anMOAeficTBneM cpeAbi, 
b KOTopofi n3Aenne o6pa6aTbiBaioT, h MeTanna 
n3Aennn, n3Aenne oxna>KAaK)T >kmakhm a30TOM, 
a Ana o>opMnpoBaHnn noKpbiTHn 
nocneAOBaTeribHo nponnaBnnioT Bee ynacTKM 
noBepxHOCTM H3Aennn, HanpuMep ny^OM 
na3epa, b 30Hy nponnaBneHi/in noAaKDT civiecb 
KMAKoro a30Ta m MHepTHoro rasa w b 
pe3yribTaTe B3anMOAeficTBnn asoia m MeTanna 
Ha noBepxHOCTn u3Aenwn co3AaioT b 30He 
nponnaBneHHn nneHKy HMTpMAa 3Toro MeTanna, 
nonynan 3ainnTHoe noKpbiTue Ha Bcefi 
noBepxHOCTM n3Aennfl, npn otom KOHTponnpyK)T 
paBHOMepHOCTb n Tonu^nHy nonynaeMoro 
noKpbiTun. 

ripn 3tom noBepxHOCTb oxna>KAaioT ao 
Havana B03AeficTBnn nyna na3epa m 
npoAonwaioT oxna>KAeHne BnnoTb ao 
npeKpai^eHUfl ero B03AeficTBi/in, B03Aei*CTBMe 
nynoM na3epa noBTopnioT ao nonyneHMn 
paBHOMepHoro noKpbiTHn 3aAaHHofi TonujuHbi, 
3aLi\HLi\aK)T M3Aenne U3 cnnaBa qupKOHi/in, a b 
KanecTBe vmepTHoro ra3a npuMeHfliOT aproH. 

ripeAno>KeHHbi^ cnoco6 oSecne^HBaeT 
B03M0>KH0CTb o6pa30BaHH« Ha noBepxHOCTM 
MeTannnnecKnx H3Aenn^, HanpuMep H3 
L^upKOHun v\ ero cnnaBOB, npoMHoro 
paBHOMepHoro noKpbiTna 3aAaHH0^ Tonii^MHbi, 
o6naAajou^ero bwcokum aAre3MBHbiM 
B3anM0AeCiCTBneM c 3au^n^aeMoCi 
noBepxHocTbK), a KpoMe Toro, He HapyiuajOLi^ero 
c^yHKLinoHanbHbix xapaicrepucTHK samnu^aeMbix 
H3Aenn^, HanpuMep, TpeGyeMbix xapaiaepucTMK 
nponycKaHM^ Hei^TponoB b TennoBbiAen«(oi^nx 
aneMeHTax ^AepHbix peaiaopoB. 

npuiMep peannsai^nM npeAno>KeHHoro 
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cnocoSa 3au^MTbi MeTannoB ot OKucneHMW 
unniocTpupyeT cjwr. 1, Ha kotopom noKa3aHa 
cxeMa ycTpo^CTBa ocyiMecTB/1eHn« AaHHoro 
cnoco6a, m cf)Mr.2, Ha kotopom npuBeAeHa 
cJ)OTorpac{)Mfl cpe3a noBepxHOCTM Tpy6bi U3 
cnnaBa "l^upkohmm 1", sau^ni^eHHOM o6onoMKOM, 
nonyneHHOM npn ncnonb30BaHktn 

npeAno>KeHHoro cnoco6a. 

YcTpo^CTBO Ann ocyu^ecTBneHMfl 
npeAno>KeHHoro cnoco6a 3ai^MTbi MeTannoB 
coAep>KMT MexaHM3M 1, BbinonHeHHbifl b BMAe, 
HanpuMep, cynnopTa c aneicrponpuBOAOM (Ha 
MepTexe He noKa3aH) n o6ecneHHBaioi^MM 
perynwpyeMoe BpamaTenbHO-nocTynaTenbHoe 
ABM>KeHne o6pa6aTbiBaeMoro H3Aennn 2 b 
BbinonHeHHOM b BMAe MeTannnMecKoro Ko>Kyxa 
3ai4HTHOM KaMepe 3, b KOTopofi npon3BOAflT 
o6pa6oTKy usAennw 2, noABOAfl^ne nepe3 
cneL^nanbHbie 0TBepcTn« b K0>Kyxe 3au^MTHO^ 
KaMepbi 3 (Ha HepTewe He o6o3HaneHbi) b 30Hy 4 
oSpaooTKH aproH v\ >kmakmvi a30T Tpy6onpoBOAbi 
5 m 6 cooTBeTCTBeHHO, a Taiwe nasep 7, 
npeAHa3HaneHHbifi Ann co3AaHHH 
BbicoKo-3HepreTHMecKoro TennoBoro ny^a, 
noAaBaeMoro b soHy 4 o6pa6oTKM nepe3 Apyroe 
cnemianbHoe OTBepcTue (Ha MepTe>Ke He 
o6o3HaneHo). KpoMe Toro, ycTpoMCTBO 
coAep>KMT KOHTaKTHbiPi OaujMaK 8, 
ycTaHOBneHHbiM b KaMepe 3 n cny>KaLunM 
onopofi Ann o6pa6aTbiBaeMoro M3Aennn 2 h 
TennooTBOAOM, m Tennon3onnL\noHHbi^ Ko>Kyx 9. 
BbiBOA 10 b KaMepe 3 npeAHa3Ha^eH Ann cnuBa 
>KMAKoro a30Ta. KpoMe Toro, b cocTas 
ycTpofiCTBa bxoaut MUKpOCKOn 11, 
npeAHa3HaMeHHbi^ Ann KOHTponn TonmnHbi n 
paBHOMepnocTH <$opMwpoBaHnn 3au^nTHoro 
noKpbiTun. 

YcTpoCiCTBO pa6oTaeT cneAy^muM o6pa30M. 

noAne>Kai^ee o6pa6oTKe n3Aenne 2, 
HanpuMep Tpy^Ka H3 cnnaBa "l^pkohuA 1", 
3aKpennnioT Ha A©P>KaBKe (Ha nepTexe He 
o6o3HaneHa) MexaHM3Ma 1 m BBOAnT b 
3ai4HTHyio KaMepy 3. Hepe3 Tpy6onpoBOA 6 b 
KaMepy 3 noAatOT >kmakmvi a30T (TeMnepaTypot^ 
-196°C), oxna>KAaK)u^i/i^ Hapy>KHyto, a Ann 
conee nonHoro oxna>KAeHMn m BHyTpeHHraio 
noBepxHOCTM M3Aennn 2. no Tpy6onpOBOAy 5 
noAaioT aproH, KOTopbM 3a MecTOM coeAHHeHun 
Tpy6onpoBOAa 5 c Tpy6onpoBOAOM 6 

CMeiUHBaiOT C >KHAKMM a30TOM, MT06bl B 30Hy 4 

o6pa6oTKM nocTynana CMecb aproHa c >khakmm 

a30TOM. CoOTHOLLieHMe KOMnOHeHTOB 3TOi^ 

CMecu Bbi6npa»oT paBHbiM (10-50)% aproHa m 
cooTBeTCTBeHHO (50-90)% a30Ta. 

3aTeM nynoM na3epa 7 npOM3BOAnT 
nponnaBneHne cnon noBepxHOCTn 
o6pa6aTbiBaeMoro n3Aennn. Ilpn 3tom c 
pacnnaBneHHbiM cnoeM MeTanna 

B3anMOAe^cTByeT HaxoAniMnPicn b 30He 4 
o6pa6oTKH a30T, KOTopbiM o6pa3yeT hmtpma 
i4npKOHnn (ZrN), co3AaK)LMnPi na 
o6pa6aTbiBaeMOM noBepxHOCTM b aTMocc{)epe 
aproHa npoMHyio 3a\i\mHy\o nneHKy. fly^OM 
na3epa 7 npon3BOAnT CKaHnpoBanne 
3au^nLuaeMO« noBepxHOCTM n3Aennn 2, Ann nero 
3to M3Aenne c noMOinbK) MexaHM3Ma 1 Bpau^araT 
n nepeMemaiOT. 

TonmnHa 3ai^nTHOti nneHKn 3aBncnT ot 
rnySnHbi nponnaBneHMn, KOTopyio o6biHHO 
Bbi6npa»OT paBHOM 5-15 mk, noaTOMy Ann 
nonyMeHun 3amwTHotf nneHKM Tpe6yeMOft 
Tonu^MHbi nnn ysenwHUBaiOT BpeMn B03AeMCTBnn 
nyna na3epa 7, nnn noBTopnioT CKaHnpoBaHne 
3thm nynoM o6pa6aTbiBaeMofi noBepxHOCTM. 

PaccMOTpeHne npMBeAeHHOM Ha c£nr.2 
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cf)0Torpa4)Mn cpe3a noBepxHOCTw, 3au^nu^eHHb^ 
nofiyneHHO^ yKa3aHHbiM cnoco6oM, noKa3biBaeT, 
j " mto MHKpocrpyKTypa 3aLL(MTHo^ n/ieHKH (ZrN) 
cyu^ecTBeHHo MenbMe MHKpocnpyKTypbi 
MaTepnana 3amumaeMoro mp&mn n b to >Ke 
BpeM« 3Ta nneHKa BHeApeHa b MaTepnan, mto 

CBHAQTeribCTByeT H O npOMHOCTH 3aLAHTH0tf 

nneHKU, n o BbicoKOM aAresuoHHOCTH ee 
coeAHHeHMA c 3amnmaeMbiM naAenneM. 

Oopwiyna M3o6peTeHnn: 

1. Cnoco6 OeAopOBa /I.E. 3ainMTbi MeTannoB 
ot oKMcneHMfl, BKnioHaioLi^MM Ten/ioBoe 
B03AetiCTBne Ha o6pa6afbiBaeivioe n3Aenwe 1/13 
MeTarma m $opMi/ipoBaHne 3amnTHoro 
noKpbiTMfl Ha noBepxHOdn U3Aenufl • 

Cf)H3HKO-XMMHMeCKHM B3aHMOAeflCTBHeM CpeAbl, 

b Kcrropofi usAenne o6pa6aTbiBaK)T, n MeTanna 
n3Aenn«, oTnuMawDLAndcfl TeM, mto n3Aenne 
oxna)KAaiOT khakmm a30TOM, a Ana 
cfiopMHpoBaHHfl noKpbiTMfl nocneAOBaTenbHO 
nponnaBJiflKDT Bee ynacTKH noBepXHOCTM 



n3AennH, HanpHMep, nyMOM Jia3epa, b 30Hy 
npon^aBneHUfl noAaiOT CMecb wwAKoro a30Ta n 
MHepTHoro ra3a m b pe3yribTaTe 
B3anM0AeficTBHfl a30Ta m MeTa/ina Ha 

nOBepXHOCTM M3Ae^Hfl C03AaiOT B 30He 

5 nponnaBJieHHH nneHKy HMTpnAa 3Toro MeTanna, 
nonynaa 3amwTHoe noKpbiTue Ha Bcefi 
nosepxHocTH H3Ae/infl, npH stom KOHTponnpytoT 
paBHOMepHOCTb n ToniAMHy nonynaeMoro 

nOKpblTHH. 

1Q 2 Cnoco6 no n.1, OTfiMMaK)mn&Cfl TeM, mto 
noBepxHOCTb oxna>KAatOT ao Havana 
B03AeMCTBna ny^a Jia3epa u npoAonwaioT 
oxna>KAeHMe BnnoTb ao npeKpameHHH 

B03Ae^CTBMfl. 

3. Cnoco6 no n.1 win 2, omuMaiomHtfcfl TeM, 
75 mto B03AeficTBne JiyMOM Jia3epa nOBTOp^lOT ao 

nonyMeHMfl paBHOMepHoro noKpbiTHfl 3aAaHHOfi 

TOJILAMHbl. 

4. Cnoco6 no n.3, OTnwMaioinntfcfl TeM, mto 
aaLAMii^aioT n3Aenne m cnnaBa l^upkohuh, a b 
KaMecree MHepTHoro ra3a npwMeHflioT aproH. 
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